turkey habitat. The area was a patchwork ecotone consisting of midseral oak-hickory timber (47%) interspersed with agricultural openings (53%). Winter weather conditions during these two years were some of the most severe on record for south-central Iowa, with extended periods of deep snow and Bub-freezing temperatures. Mortality, however, was low.
Adult males had different habitat use patterns than adult females, juvenile females, and juvenile males. Adult males preferred the oakhickory poletimber and regularly used cornfields as feeding areas.
Their activities seemed little affected by weather conditions. The adult females and all juveniles used 4 of the 8 designated habitats present: oak-hickory poletimber and sawtimber, cornfields, and conifer stands. Their use of these habitats was dynamic and varied in response to weather conditions.
INTRODUCTION
Winter survival is a potential problem for eastern wild turkeys (Meleagris gallopavo silvestris), especially in the northern part of the turkey's range. Exposure to more than 2 weeks of powder snQW at depths of 25 cm or more limit turkey movements and the availability of food (Austin and De Graff 1915, Porter 1918) . These snow depths combined with temperatures of 0 0 C or below may cause starvation (Dreis, Smith, and Meyers 1913, Wunz and Hayden 1915) . Recently, Porter et ale (1980) macrocarpa), northern red oak (g. rubra), and shagbark hickory (Carya ovata), comprised 64% of the forested land. Lowland hardwoods (18%), oak-hickory sawtimber (7%), and conifer plantations (11%), ranging in age from seedlings to 50-year-old trees, covered the rest of the forested land. Red pine (Pinus resinosa), white pine (P. strobus), and jack pine (P. banksiana) were the primary conifer species. For more detailed vegetative information, see
Appendix. Cornfields and grasslands (pastures, hayfields, and old fields) comprised 43% and 51% of the unforested habitats, with shrubby areas and soybeans making up the rest. Cornfields were usually not harvested until October or later, and most were not plowed after harvesting.
Soil types, topographic features, and land-use practices for southcentral Iowa are discussed by Oschwald et ale (1965) and Prior (1976) , and economy and climate are summarized by Collins (1974) .
METHODS
Habitat classification was determined by making ground surveys and consulting forest survey maps and aerial photos. Habitats were delineated on a study area map drawn from U.S. Geological Survey topographic maps. juvenile males. Locations of radio-tagged turkeys were determined by triangulating simultaneous azimuths taken with 2 vehicles each mounted with a null-peak antenna-receiver system. Each vehicle was also equipped with a citizens band, 2-way radio for communication between observers, one of whom plotted telemetry fixes on a map of the study area. Telemetry fixes were then coded for computer analysis using the grid numbers and specific habitats used for habitat classification. All habitat use and home range information was based on data recorded by this system. A relatively conservative probability level of 0.01 or leS8 was selected for determining statistically significant differences in habitat use and home range. All differences mentioned are significant at this level unless otherwise specified.
Habitat Use
Monthly and seasonal (3-month) habitat use was determined by the percent of the total telemetry fixes that were recorded in each of 8 habitats.
A generalized Wald Statistic (Rao and Scott 1979 ) was used to determine statistically significant differences in contingency tables of various habitat classes versus age and sex classes, months, and years. Repeated telemetry fixes of the same turkey over time creates a lack of independence between time periods which may lead to finding too many significant results.
The Wald Statistic adjusts chi-square values downward to account for its lack of independence and provides a more conservative test. The procedure of Neu et ale (1974) was used to determine if the observed use of habitats was proportional to the occurrence of habitats on the study area.
Home Range
Home range was defined as the specific area covered during a particular time period (Brown and Orians 1970) and was calculated according to the Modified Minimum Area method (Harvey and Barbour 1965) . Monthly home ranges were estimated for individual turkeys with 10 or more telemetry fixes for that month. Home range sizes for 3-month and 6-month periods were also estimated for individuals with 10 or more telemetry fixes per month for all months involved. The number of telemetry fixes £or a particular time period £or each bird was entered as a covariate in the General Linear Model Procedure o£ the Statistical Analysis System (Helwig and Council 1979) . This procedure yielded mean home range size values that were weighted according to the number of telemetry fixes.
Dif£erences between means for age and sex classes, seasons, months and years were tested for statistical significance. Least Squares Means are presented for each month or time period to account for the effect that dif£erences in the number of telemetry fixes had on home range estimates.
Food Abundance
Mast abundance was sampled in 6 oak-hickory poletimber stands and 2 oak-hickory sawtimber stands in 1977-78. Two lowland hardwood stands and 2 coni£er stands were added to these in 1978-79. The number of stands sampled per habitat was based on the percent occurrence of each habitat on the study area. Actual stands were randomly selected. Eight randomly selected 1 x 6 x 1 m? plots was sampled once a month from October through
March. All mast items were collected, dried at 100 0 C for three days, and weighed.
Abundance of waste grain was estimated in 3 harvested cornfields 2 from October through March 1978-79. Each month 9, 3 x 5 m plots were randomly selected and sampled in each field. Ears (cobs with 10 or more intact kernels) were collected over the entire plot, and loose kernels were collected fram one-third of the plot. Kernels were processed like the mast items.
AnalysiS of variance procedures were used to detect significant differences between habitats or fields, and between months and years.
RESULTS

Weather
The weather conditions during the winters of 1978 and 1979 were some of the most severe ever recorded in south-central Iowa. October, November, December, and March of both years had normal temperatures and precipitation amounts, but January and February did not. During the first winter, January had the third longest period of persistent cold recorded in the past 60 years (Waite 197&) , while February was the second coldest in the 20th century with twice the normal snowfall (Waite 1978b) . Snow cover remained powdery. During the second winter, January was the coldest since 1912 and had the heaviest snowfall since 1936, with high daily wind chill factors most of the month (Waite 1979a) . February was the coldest since 1936.
Snow cover developed a heavy crust Which was capable of supporting a turkey's weight in most places.
The length of time that the deep snow and cold temperatures occurred on the study area during both winters (Table 1 ) met the severity criteria considered by workers in other states to adversely affect turkey survival (Austin and De Graff 1975; DreiS, Smith, and Meyers 1973; Wunz and Hayden 1975; Porter 1978) . In 1978-79, the severe weather began earlier and lasted one week longer than in 1977-78 (Table 1) .
Habitat Use
Habitat use patterns of adult males differed from those of the other age and sex classes, but no differences were detected in habitat use of the adult females, juvenile females, and juvenile males, so data for these age and sex classes were combined.
Adult males
Diurnal data grouped by 3-month periods provided the most reliable information on adult males because relatively few were radio-tagged. Adult males were located most often in oak-hickory poletimber. This was the only habitat used significantly greater than expected relative to its proportional area coverage on the study area (Table 2) . Adult males also frequented cornfields. Weather factors appeared to have little effect on these turkeys and no differences in habitat use were detected between 3-month periods or between years. The limited information did not allow for detailed analysis of preferences in roosting sites; however, there was a high use of oak-hickory poletimber. There was slight use of oak-hickory sawtimber and lowland hardwood timber, but conifer stands were never used.
Adult females and all juveniles -1977-78
Adult females and all juveniles were found most frequently in the oak-hickory poletimber (Table 3) . Use of the cornfields increased after harvesting, which occurred in early October, and then appeared to stabilize from November through March. As the weather turned colder there was an increased use of conifer stands both in the daytime and at night for roosting (Tables 3 and 4) . Conifer stands are known to moderate cold temperatures and the effect of the wind (Kittredge 1948) , and in the extreme cold weather in January many turkeys loafed in the conifers during the day, made a trip to the cornfields to feed, and then returned to the and February made traveling more difficult and the turkeys using conifers moved to hardwood stands adjacent to the cornfields (Table 3) . Cornhardwood edges, oak-hickory poletimber, and conifer stands were used about equally as roosting sites during this time (Table 4 ). The higher frequency of use of the oak-hickory sawtimber in February was due mainly to the shift from conifers to hardwoods nearer to cornfields, because the two most frequently used cornfields were adjacent to sawtimber stands. Weather conditions eased by the middle of March and turkeys frequented more habitats, especially the grassland areas.
Adult females and all juveniles -1978-79
Most corn harvesting was delayed until late November by wet weather, and adult females and all juveniles did not use cornfields as much as expected until December (Table 3 ). Even then, except for February, the turkeys used cornfields less frequently than they had the previous year.
Fewer days of snow cover in December (Table 1 ) and a deeper, crusted snow cover with severe wind chill factors in January may have been factors affecting this use.
Turkeys used lowland timber consistently from early October through
March and more frequently than the previous year. Two of the most frequently used cornfields were adjacent to lowland timber stands and turkeys were found there while loafing near these fields or traveling between feedings.
Turkeys also used the conifer stands consistently from October through March. The snow crust was thick this year and supported the weight of a turkey in most places, allowing for easier travel. Thus, there was no major shift away from the conifers, and turkeys loafed and roosted in this habitat more frequently between feedings.
Conifer stands and oak-hickory poletimber and sawtimber stands were preferred roosting sites (Table 4 ). Turkeys also roosted along grasslandhardwood edges instead of the corn-hardwood edges they had used the first year. However, the kinds of crops planted in the various fields changed between years, so several of the corn-hardwood edges became grasslandhardwood edges.
Home Range
No differences were detected among home range estimates for different age and sex classes, so data were combined. Fluctuations in monthly home range sizes occurred as the birds shifted areas of intensive use (Table 5 ).
Turkeys had smaller home range sizes during the winter months, especially in February of both years when deep snow and cold temperatures were prevalent. Differences between years occurred during November, due to a later corn harvest the second year, and January, due to the thick crust allowing the turkeys greater movement the second year.
Food Abundance
Oak-hickory poletimber and sawtimber stands were combined into an upland timber type because food abundance was similar in both age classes Analysis of variance procedures were used in detecting significant differences at the .E < O.O!. Use of letters 'Ia" and "b" as in Table   3 1977 104-368 (Table 6) . No statistical differences (P < 0.05) were detected between years, so data were combined. Food abundance decreased from October to January, so that by December there was significantly less food present than in October. Mast abundance decreased again in January or February and then appeared to stabilize. Mast collections were low in February;: partly because of the difficulty in finding food items under 34 cm of snow.
Potential turkey food found most frequently in upland timber stands were red oak, white oak, and black oak (quercus nigra) acorns, and unidentified plant tubers. Relatively less mast was present in the lowland timber and conifer stands than in the upland timber stands, but food in these habitats also decreased over the 6-month period. Potential food items most frequently found in the lowland stands were grape (Vitis riperia), boxelder seeds (~negundo), and ~ seeds. Conifer plantations contained black oak acorns that had been buried by squirrels.
Cornfields had relatively more food present than the timber types.
Corn abundance also decreased throughout the 6-month period, but by March there was still as much food present in cornfields as there had been in upland timber stands in October.
Mortality
Except for juvenile females, monthly mortality rates for radio-tagged wild turkeys were low from October through March (Table 7) . No adult males died in either year and only 2 juvenile males died, both in March of the second winter shortly after the severe weather period. Adult females suffered slight mortality in December and March. Juvenile females died from October through December, but those that survived to January survived the winter. Severe weather appeared to have no effect on overwinter survival, and none of the mortality was attributed to starvation.
Weight
Age and sex classes of wild turkeys captured each month were disproportionate and certain classes were not represented in all months of one year, so data for both years were combined (Table 8 ). Although statistical analysis was not practical because of small sample sizes and missing data, biological inferences can be made. Adult females, juvenile males, and juvenile females appeared to gain weight through the fall and lose some during the winter. Juvenile females were consistently lower in weight than other age and sex groups and began to lose weight in December. Juvenile males and adult females gained weight until January. Adult males apparently gained weight throughout the winter. Table   8 . Estimated mean weights (kgm) for eastern Porter's (1978) study area in southeastern Minnesota, though much larger than the Stephens Forest area, probably resembles most closely its forest-agricultural mix. 2
But his population estimates ranged from 7-13 turkeys per km. His area, however, had only 5% corn. The Pennsylvania (Wunz and Hayden 1975) and New York (Austin and De Graff 1975) In this study, Iowa turkeys frequently used upland timber (oakhickory poletimber and sawtimber), conifer plantations, and cornfields.
The presence of upland timber for both food and shelter is undoubtedly essential to the maintenance of eastern wild turkey populations in Iowa.
Turkey use of the conifer stands was probably preference rather than necessity. Although the conifer stands moderated the effects of the wind and cold temperatures, they were not necessary for survival because same flocks of turkeys never used conifer stands and their mortality was no different than those flocks that used conifer stands extensively.
Cornfields seemed to be of great importance as winter feeding areas even though relative use was usually not significantly different than expected. Food consumption is based on availability, not energy content or nutritional value (Robel et ale 1974) . On the Stephens Forest area, relatively more food was available in cornfields than in the upland timber. Corn is a highly nutritional food source (Waibel and Burke 1973) and higher in protein, lower in fats, and greater than or equal to acorns in carbohydrate content (Korschgen 1964, Ensminger and Olentine 1978) .
Acorns are a winter staple for turkeys in many areas (Martin et ale 1939 , Dalke et ale 1942 , Glover and Bailey 1949 , Chritiansen and Korschgen 1955 , Eaton et al. 1970 ). Robel (1969) found that quail. living near food plots of corn and sorghum during the winter could maintain more body fat than those that did not. Perhaps, turkeys using cornfields are accumulating a reserve of body fat in the fall which enables them to endure severe winter The juxtaposition of the cornfields and upland timber allowed the turkeys to find adequate shelter during severe winter weather, yet still reach feeding areas with little effort and minimum exposure to predators.
In conclusion, waste grain in cornfields provided a relatively reliable food source so that turkeys did not have to depend solely on the notoriously variable mast crop for food. This alternate food source combined with highly interspersed habitats has allowed for a greater overwinter carrying capacity in the Stephens Forest area resulting in a high population density with low overwinter mortality. And, last, my appreciation to L. Crim, my co-worker, fellow graduate student, and husband who gave me constant support throughout every aspect of the study. Table 9 . Species composition and stocking of 3 timber types on the study area. 
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